Introduction
This paper investigates empirically the channels through which open economies absorb large immigration flows. We exploit the large immigration wave received by Spain in the period [2001] [2002] [2003] [2004] [2005] [2006] and study its effects on the structure of regional employment at the industry level.
Rising cross-country migration flows over the last decade have revived interest on the economic effects of immigration. 1 Migration rates are on the rise in poor countries and, at the same time, the recent eastward enlargement of the European Union has sharply increased migration flows across its member states.
It is often the case that the density of immigrants across regions within a country is far from uniform. As a result, it is at the regional level that the social and economic impact of immigration is most visible. Relative to national economies, regional units are tightly interconnected by flows of factors, goods, and ideas. Consequently, absorption of immigration flows in these very open (regional) economies can operate through a variety of channels.
Several decades of research have shown that the effects of immigration flows on wages are surprisingly small. 2 This has led researchers to explore alternative channels by which economies absorb immigration flows. Building on Hanson and Slaughter (2002) , Lewis (2003) provides estimates of the effects of immigration on local labor markets in the US. His analysis confirms that immigration has very small effects on wages, but he finds large effects on the skill composition of employment at the sector level. Taken together, these findings pose a puzzle for standard open economy models.
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Our goal is to use data on the recent immigration wave in Spain to investigate the impact of immigration flows on regional economies. In particular, we are interested in comparing the channels of adjustment operating in Spain with those found by Lewis (2003) for the US. We note that immigration flows into Spanish regions in the period [2001] [2002] [2003] [2004] [2005] [2006] have been massive.
We are also interested in investigating whether the large differences in labor market institutions between Spain and the US lead to a differential pattern of absorption of immigration flows.
We assemble an annual panel dataset for Spanish provinces covering the period 2001-2006 and use it to estimate the effects of immigration on the structure of regional employment.
Specifically, we estimate the role played by changes in sector specialization and in the skill composition of employment at the sector level in absorbing immigration flows. We employ the between-within industry decomposition proposed by Lewis (2003) and formally test the Rybcszynski hypothesis.
In order to provide a causal interpretation of our results we adopt an instrumental variables approach. We build a Card-type instrument for regional immigration flows based on migration networks by country of origin (Card, 2001) . Widely used in studies for the US, we are the first to use this instrument in the case of Spain.
Spain's recent immigration experience is spectacular, as illustrated by figure 1. In 1998, the share of the population born abroad was below 3%. Over the course of three years, it slowly increased to almost 5%. Between 2001 and 2006 Spain received very large inflows that resulted in a twofold increase in the foreign-born share: from 4.8% to 10.8% in just five years. 4 Like in the US, the density of immigration across Spanish regions varies enormously. Figure 2 reports the foreign-born share in 2006 for the 52 Spanish provinces (age 25-45). 5 The provinces along the Eastern Mediterranean coast, together with the area around Madrid, display foreignborn shares over 18%. In contrast, in most Western regions less than 6% of the population is foreign-born.
Our first finding is purely descriptive. Immigration flows have not been skill-neutral. In the typical immigrant-receiving province, immigration has been disproportionately low educated.
As a result, immigration regions have experienced a very large relative increase in the supply of low educated workers.
Turning to our estimates, we first show that (unskilled) immigration flows have caused a large increase in (unskilled) employment in the regions of destination. Next, we study the absorption of these labor inflows at the industry level. We find no causal effect of immigration on regional sector specialization, rejecting the Rybcszynski hypothesis. Instead the main channel of absorption has been within-industry changes in the skill composition of sectoral employment. In other words, the typical industry in a high-immigration region has increased the share of loweducated workers in its workforce, relative to the same industry in a low-immigration region.
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We also show that the industries that account for most of the absorption have been
Manufactures, Agriculture, Hotels & Restaurants, and Construction. Using wage data for the Construction sector, we show that Lewis' puzzle seems to be present also in the case of Spain.
We show that immigration has led to a large relative increase in the use of low-educated workers in the sector, while nominal wages have increased essentially at the same rate as in low-immigration regions.
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Our work contributes to the empirical literature analyzing the effects of immigration on open economies. The earlier studies conducted accounting decompositions, as in Hanson and Slaughter (2002) , and Gandal, Hanson and Slaughter (2005) . We follow the more recent studies that provide estimates of causal effects, as Lewis (2003) and Dustmann and Glitz (2007) .
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Of course our work is also related to the large body of literature on the labor market effects of immigration, mostly focused on the US case. 8 In particular, our paper adopts the spatial correlations approach pioneered by Altonji and Card (1991) , and widely used since then. For an influential, recent application of this method see Ottaviano and Peri (2006) . Our paper is also closely related to the immigration literature studying the case of Spain. The earliest paper we are aware of is Dolado, Jimeno, and Duce (1998) . A few of the recent contributions are Carrasco, Jimeno, Ortega (2007) , and Amuedo-Dorantes and De la Rica (2005) . In comparison to these studies, our paper has several novel features. Our data covers the period with the largest inflows,
2001-2006 and we work with a more disaggregated classification of regions (52 provinces).
More importantly, we adopt a multi-sector framework that highlights the open-economy nature of regional economies. Finally, we are the first to build an instrument for immigration flows based on migration networks (à la Card) for the case of Spain. Our work is also related to the recent descriptive analysis of the demographic impact of immigration in Spain (Recaño, 2004 and Domingo and Martínez, 2006) .
Finally, this paper is also related to the recent economic growth literature studying the role of human capital in fostering technology adoption. Using cross-country panel data, Ciccone and Papaioannou (2007) find evidence in support of the Rybcszynski theorem. Their results suggest that countries that have experienced larger increases in human capital in recent decades have 6 Specifically, we find that the share of high-school dropouts in Construction has fallen in all provinces. However, it has dropped much less in high-immigration regions. 7 Mayda and Rodrik (2005) analyze the impact of individual exposure to international trade on attitudes toward immigration. Mayda (2006) and Facchini and Mayda (2007) also analyze the determinants of individual attitudes toward immigrants. 8 We note the early contributions of Card (1990) and Borjas, Freeman and Katz (1996) . 5 also displayed faster growth in skill-intensive industries. Their interpretation is that human capital helps adopt new (skill-biased) technologies.
The structure of our paper is as follows. Section 2 describes our main data sources. Section 3 presents a descriptive analysis of the size and skill composition of immigration flows. Section 4 presents the empirical model and discusses some econometric issues. Section 5 contains the main results. Section 6 focuses on the Construction industry. We restrict the analysis to population in the age group 25-45. We discard very young individuals to obtain reasonable estimates of the fraction of the population with university education, and we discard individuals approaching retirement to reduce the number of interregional migrants driven by retirement motives. In addition, the density of foreign-born individuals is higher in this age group (see figure 1), which reduces measurement error in province-education cells.
We denote by L e,r the total population (natives and immigrants) in province "r" with education level "e", and by M e,r the foreign-born individuals that entered Spain between 2001 and 2006 (the "migration inflow"). Aggregating over education groups, we define L r and M r . Let us also define N e,r as the total employment (including both natives and immigrants) for a given province and skill group. The last section of the paper uses regional data on wages for the Construction sector. Those data are based on collective bargaining agreements negotiated at the province level. We shall provide further details on those data later on. 3. The impact of immigration on regional skills
Since 2001 immigration flows into Spain have increased dramatically (see figure 1 ). The impact of these inflows on the size and skill composition of the Spanish labor force has been very large.
As can be seen in Immigration has thus led to an increase in the relative supply of low educated labor in the average province.
Another salient feature of the recent Spanish immigration experience is its highly unequal regional impact. Figure 2 reports the foreign-born share for Spanish provinces in 2006 (ages 25-45) . In the provinces lying on the Mediterranean and around Madrid, over 20% of the population was foreign-born. In contrast, in most of the South and West of the country the foreign-born share was below 5%. λ is the fraction of e-type employment in that sector (N e,j / N j ). We also assume that some workers are unproductive and are not employable by any sector. 12 As a result, the total population with a given education level can be written as the sum of the unemployed (unproductive workers) plus employment in all sectors.
That is, for each skill e = 1,2,3, we have 
A useful accounting identity
Our empirical application aims at estimating the effects of shocks to a region's labor endowments on the industry structure of employment.
Prior to disaggregating by sector, let us consider the following decomposition. After a bit of algebra, 13 one can easily show that
where period 0 is the initial period. In words, a 1% increase in the size of a skill group is the appropriately weighted sum of the percentage increases in employment and "unemployment"
(including both employment and net exits from the labor force).
Let us now disaggregate employment by sector. To fix ideas, let us begin by considering an inflow of unskilled workers into a region, with no changes in the size of the other skill groups.
Some of the new workers may be unproductive and will become unemployed. The rest will be 11 Alternatively, we can interpret that goods are produced using the three types of labor plus physical capital, and each region faces a perfectly elastic supply of capital. Production displays decreasing returns to scale in the labor inputs, but constant returns to scale in all four inputs. Our technology with constant returns to scale in the labor inputs can be seen as a reduced form for this environment. Our empirical model will also impose constant elasticity of substitution across all education groups.
12 This is just a shortcut to introduce unemployment in the model. 13 See Lewis (2003) for details. ( , , ) ( , , ),
absorbed through increases in the employment of unskilled workers in one or more industries.
This expansion in unskilled employment at the industry level can reflect a) an increase in the scale of those industries, at constant relative factor intensities, b) an increase in the intensity of use of unskilled labor, for a constant scale of production in those industries, and c) an increase in unskilled labor demand arising from simultaneous changes in both the scale and the factor intensities in those industries. As we shall discuss below, Hecksher-Ohlin theory has precise implications as to which of these channels should drive the absorption process.
More generally, consider a change in a region's skill endowments between periods 0 and 1:
A bit of algebra delivers the following accounting identity. For each education group e=1,2,3, the absorption of a change in the size of the group can be decomposed into an increase in unemployment (UE), a purely between-industry adjustment (B), a purely within-industry adjustment (W), and an interaction term (I). That is, e e e e e j e,0 e e,0 e,0 e e,0 e j j j We can now derive a test for Rybcszynski effects using this decomposition. 14 According to the Rybcszynski theorem, under certain conditions, an exogenous increase in the size of a skill group in the economy will be absorbed by a change in the sectoral distribution of output (and employment) in the economy, with no changes in relative factor intensities in any sector or in equilibrium wages. Intuitively, what would happen under Rybcszynski is that the average HSDintensive sector expands its production (and total employment), raising the content of HSD labor in the exports to other regions. In terms of our previous decomposition, the Rybcszynski 
14 For an excellent account of the Rybczynski theorem and its empirical implications, see Leamer (1995) .
since relative factor intensities remain constant in all industries. 
where α r and α e are region and education fixed effects, respectively. We allow the slope coefficient β to vary across models, however we impose symmetric values across education levels.
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The region fixed effects capture any regional differences in labor demand that are common to all education groups. For example, we are allowing for differences in regional growth rates for total factor productivity. The education fixed effects control for global changes in the relative demand for each type of labor, for instance due to skill-biased technical change.
Endogenous location choices
A proper test of the Rybcszynski theorem requires identifying an exogenous shock to the skill composition of the labor force. In the absence of natural experiments, this is not straightforward.
In particular, our analysis may be corrupted by spurious correlations arising from the endogeneity of immigrants' location choices. More specifically, it may be the case that immigrants with a particular skill choose to locate in regions that display high growth in the demand for that skill (unobserved by the econometrician).
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We follow Lewis (2003) and adopt an instrumental variables approach inspired in Card (2001 
5. Results
First-stage regressions
Having constructed our instrument for immigration flows at the education-region level, we next examine its predictive power, first, in predicting actual flows and then regarding total population changes in education-region cells. This instrument based on immigration networks has been shown to be valid for the US, a country with a long history of immigration.
Beforehand it is unclear whether the instrument will have predictive power in the case of Spain, where immigration only started timidly during the second half of the 1980s and has accelerated over the course of the 1990s.
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Let us first consider the ability of our instrument to predict actual flows. We do so by estimating 
Clearly, changes in the total size of a skill group are the sum of changes in the Spain-born population and changes in the foreign-born population living in that region. The regression above showed that our instrument is able to predict inflows of immigrants by education into a region. Conceivably, (foreign) immigration into a region could trigger off-setting inter-regional flows of Spain-born workers that could leave the total size of the region's skill group unaffected. 
and coefficient β is interpreted as the fraction of the skill inflow that is absorbed through an expansion in the employment of that skill group in the region. Note that (1-β) is the fraction of the inflow that is absorbed through an expansion in non-employment. Table 5 presents the estimates. Both the OLS and IV estimates are around 0.7 and highly significant. Our preferred estimates are in column 5. This specification features region and education fixed effects, robust standard errors, and is estimated in a sample without outliers.
According to our IV estimates, 72.8% of an inflow of a particular skill type is absorbed through an increase in employment. Put differently, 27.2% of the inflow ends up unemployed (or does not enter the labor force). These figures are consistent with immigration having no effect on the overall employment-population ratio.
We also note that the endogeneity problem seems to be greatly mitigated with the inclusion of province fixed effects. Consider the first column in table 5, where we do not include region fixed effects. Here the instrumental variables estimate is substantially lower than the corresponding OLS coefficient.
Between-industry adjustment
As we saw earlier, the increase in region-education employment can be decomposed in a between-industry adjustment, a within-industry adjustment, and an interaction term.
We now estimate the size of the between-industry adjustment. This will provide a test of the Rybcszynski effect, which predicts that an exogenous inflow of workers with a particular skill type into a region will be absorbed by changes in the sectoral composition of output and employment, leaving the skill composition of sectoral employment and relative wages unchanged. Specifically, the Rybcszynski hypothesis is β B = 1 in the following regression model (that is, if we assume that no absorption takes place through increases in unemployment):
, 
Recall that the dependent variable can be interpreted as the increase in regional employment for skill group e arising from an increase in the scale of the typical sector employing that type of labor, keeping constant the relative factor intensities of all sectors at 2001 values. Table 7a displays the results. In our preferred specification the IV point estimate is 0.59 (0.57 in OLS), highly significant. This estimate implies that 59% of an inflow of a skill type (81% of the increase in employment) is absorbed through increases in employment that are consistent with a pure substitution of other types of labor for the now more abundant type. The bottom panel
shows the results when only using traded sectors. The IV coefficient drops to 0.31, since we are now only capturing the absorption by a subset of industries. 20 Here we use the classification for traded sectors used in Lewis (2003) , following Hanson and Slaughter (2002) . In any case, later in the paper we estimate separate regressions for each industry. For a theoretical analysis with nontraded goods, see Ethier (1972 Recall from equation (4) that there is one more channel of absorption, consisting of an interaction between changes in sector factor intensities and sector sizes. By construction, this term can readily be calculated from the above estimates as the difference between the absorption through aggregate employment (one minus the increase in non-employment) and the between and within industry adjustment coefficients:
1 .
The top panel in table 8 presents a summary of the contribution of each channel to the absorption of an inflow of a skill group into a region. As already discussed, 27% of the inflow is absorbed through increases in non-employment, 3.4% through between-industry increases in employment, 59% through within-industry increases, and 11% due to the interaction term.
Overall, these results imply rejecting the hypotheses of Rybcszynski effects (both through the between and within industry tests).
Perhaps surprisingly, given the large institutional differences between the labor markets of Spain and the US, the pattern of adjustment that we find is very similar to the one found by Lewis (2003) for US metropolitan areas.
One caveat to keep in mind in testing for Rybcszynski effects is that the results may be sensitive to the degree of disaggregation in the industry classification. The coarser the partition is, the higher the fraction of between-industry changes that will be misclassified as being intraindustry. To address this issue we repeat the analysis at the greatest level of industry disaggregation that is feasible with our data (30 industries, compared to 16 in our baseline estimation).
The bottom panel in table 8 reports our results (with more details in tables 6b and 7b). We note that the between-industry adjustment remains practically unchanged (IV estimate goes from 0.034 to 0.037). This result suggests that further disaggregation is not likely to overturn the rejection of the Rybcszynski hypothesis based on the between-industry estimate. The withinindustry coefficient falls from 0.59 to 0.41 while, at the same time, the interaction coefficient increases from 0.11 to 0.28.
Industry results
We next turn to analyze the contribution of each industry in the adjustment process. This will provide insights that may be helpful in uncovering the mechanisms behind the adjustment in the case of Spain. 
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We are now interested in the fraction of the change in the supply of a given skill group absorbed by each industry j. More specifically, we regress the between-industry term for each industry, j e B , on changes in the supply for that skill group. Table 9 reports the results. We note that the construction industry alone accounts for most of the between-industry adjustment: the increase in the scale of this industry accounts for 2.9% of the absorption of the inflow (compared to a 3.4% when all industries are considered). Our instrumental variables approach allows for a causal interpretation of these results: immigration has triggered an expansion of the construction sector in Spain. The right-hand side panel in table 9 reports the results of regressing j e W on %∆L e,r , including education and region fixed effects. As we saw earlier, the within-industry adjustment accounts for 58.6% of a given inflow. By individual industries, we obtain positive and significant (IV) effects for seven industries, with the lion's share of the adjustment being carried out by Manufactures (17.3%), Agriculture (10.2%), Hotels and Restaurants (9.5%), Construction (9.3%), Retail (6%), and Domestic Services (2.6%). We note that the magnitude of the role played by each industry reflects both the technological possibilities for substitution across education types in the sector, and its relative size in the region's aggregate employment.
6.
The Construction industry The results in Dustmann and Glitz (2007) also suggest the existence of a similar puzzle for the German economy. Is this also the case for Spain? Addressing this question requires wage data at the province-education level, which is unavailable for the case of Spain. While these wage data are not available for all industries, they do exist for the construction sector for our period of interest.
The goal of this section is thus to estimate the effects of immigration on the structure of regional wages and relative factor intensities using data for the construction sector. Studying the impact of immigration on the structure of production of the construction sector is interesting by itself, given the key role this industry has played in generating employment for the recent wave of immigrants.
The data on construction wages has been assembled by UGT, one of the two main labor unions in Spain, on the basis of province-level collective bargaining for the construction sector. The data are annual, span the period 2002-2006, and report wages for several professional categories. We note that these bargained wages are minimum wages. However, since they are decided at the province (and sector level) they reflect relative supply and demand conditions.
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The lowest paid category requires no formal training and workers are often high-school dropouts ("peon ordinario"). The intermediate category in terms of wages includes more experienced workers ("oficial administrativo de primera"). The top category ("titulado superior") refers to workers with university degrees. On this basis, we label each of these groups as low, medium, and high skilled, and equate them to the education groups used throughout the paper: high-school dropouts, high-school graduates, and college graduates.
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22 See also the discussion on the availability of wage data for Spain in footnote 8. 23 Other studies with this type of wage data are Bentolila and Jimeno (2002) , Dolado, Felgueroso, and Jimeno (1997), and Simón-Pérez (2001 The bottom panel shows that there is also a great deal of dispersion in wage growth over the period 2002-2006. 24 The average increase ranges between 23% and 25% across all professional categories. Again, there is a lot of regional variation. For instance, for the lowest skill group the 5-year growth rate ranged between 8% and 35%. Variation was even higher for the other two professional categories.
We now turn to estimating the effect of changes in the supply of each skill group on the construction sector. We start by estimating the effect on relative factor intensities. Since we are interested in measuring the impact on the skill composition of employment in the sector, as opposed to the share of the total absorption carried out by this particular industry, we do not weigh the dependent variable. Specifically, our regression is where the dependent variable is the percentage increase in the wage of construction workers with skill level "e" in province "r". The second panel in table 11 reports our estimates. We find a negative point estimate, both for OLS and IV, but not significantly different from zero. Taking the IV point estimate at face value, a 10% inflow of high-school dropouts into a region would reduce the wages for this type of workers (in Construction) by 0.1%.
Let us now use the estimated model to provide a quantitative assessment of the impact of immigration on the Construction sector, taking into account the actual changes in the size and skill composition of regional labor forces. In particular, we compare the predicted values for the average high and low immigration regions, as defined in table 2.
As shown in table 12, demographic changes in low-immigration regions over the period 2001-2006 entailed a reduction of 51% in the population with less than a high-school degree, together with increases of 19% and 17% in the populations with a high-school degree and with a college degree, respectively. According to our estimates, the construction sector in these regions should have experienced, as a result, a reduction of 12 percentage points in the share of construction workers with less than a high-school education, together with increases in the fractions of workers with higher education levels. At the same time, (nominal) wages would have increased by 23% for high-school dropout workers in construction in these regions.
As argued earlier, the large immigration flows in many Spanish provinces led to a very different evolution in the size and skill composition of the regional labor force. In these regions the population with less than a high-school degree fell only by 8%, while the groups with a highschool and college degree increased by 28% and 27%. According to our estimated model, this
would have led to a much smaller reduction in the share of high-school dropouts in the construction sector in these regions. It would only fall by 5 percentage points, compared to 12 points in the low-immigration regions. The increases in the shares of the other skill groups were only slightly larger than in low-immigration regions. However, the wages of high-school dropouts in high-immigration regions increased at roughly the same rate as in low-immigration regions.
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25 Taking out point estimates at face value, we predict that immigration led to an increase in high-school dropout wages in construction that was 0.4% lower than in low-immigration regions. We remind the reader that the estimated coefficient for the effect on wages was not significant. In our data, total employment in Construction grew by 60% in high immigration regions, as compared to only 15% in low immigration regions.
20

Conclusions
This paper has documented the characteristics of the large immigration wave received by Spain in the period [2001] [2002] [2003] [2004] [2005] [2006] . We have shown that the impact of immigration on the skill composition of regional labor forces can be described as a large increase in the relative supply of low-educated labor. At the same time, over the period considered the Spanish workforce was undergoing strong cohort skill upgrading. As a result, while low immigration regions experienced a 50% reduction in the population with less than a high school degree, the size of this skill group fell by less than 8% in high immigration regions.
According to our estimates, the main channel of absorption of these changes in regional labor supplies has been a within-industry substitution from more to less educated workers. As illustrated by the changes in the Construction industry, in low immigration regions the fraction of Construction employment with less than a high school degree fell by 12 percentage points over the period [2001] [2002] [2003] [2004] [2005] [2006] . In contrast, the fraction of high-school dropout employment in highimmigration regions only fell by 5 percentage points. However, the wages for workers with equal education levels grew at the same rate in both groups of regions. Qualitatively, this is the same pattern of adjustment to local immigration shocks found for the US in previous studies.
As we discussed, these findings seem inconsistent with standard Heckscher-Ohlin models.
Currently, immigration economists are busy searching for explanations to this apparent puzzle.
A promising venue builds on the idea that production technology is chosen to complement the skill composition of the local workforce. 26 While showing promise, there is still a lot of work to be done in demonstrating that this mechanism can account for the empirical patterns documented for the US, Germany, and Spain. Additionally, a satisfactory explanation should be consistent with the recent findings of imperfect substitution between natives and immigrants with similar education levels (Peri and Sparber, 2007) .
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Appendix 1 2001-2006. L(r), M(r) and N(r) are sums over all education groups. Respectively, they are the total population (natives and immigrants), the foreign-born that arrived in Spain in [2001] [2002] [2003] [2004] [2005] [2006] , and total employment, in each province "r". Z(e,r) are imputed immigration flows. UE(e,r), B(e,r), W(e,r), and I(e,r) are the absorption through Unemployment, Between-industry, Within-industry, and the Interaction term defined in section 5. Standard errors in brackets * significant at 10%; ** significant at 5%; *** significant at 1%
Note: The regressions in the right panel exclude outlier provinces (Ceuta and Melilla). Note: Outliers are education-province observations for Ceuta and Melilla (6 obs.). The regression includes education dummies. Note: Outliers are education-province observations for Ceuta and Melilla (6 obs.). The regression includes education dummies. Standard errors in brackets * significant at 10%; ** significant at 5%; *** significant at 1%
Note: Outliers are education-province observations for Ceuta and Melilla (6 obs.). The regression includes education dummies. Standard errors in brackets * significant at 10%; ** significant at 5%; *** significant at 1%
Note: Outliers are education-province observations for Ceuta and Melilla (6 obs.). The regression includes education dummies. Standard errors in brackets * significant at 10%; ** significant at 5%; *** significant at 1% 
